ORIGINAL CONTRIBUTION

A Randomized Placebo-Controlled Trial of Rasagiline
in Levodopa-Treated Patients With Parkinson
Disease and Motor Fluctuations

The PRESTO Study

Parkinson Study Group

Background: Rasagiline (N-propargyl-1[R]-
aminoindan) mesylate is a novel irreversible selective
monoamine oxidase type B inhibitor, previously dem-
onstrated to improve symptoms in early Parkinson dis-
ease (PD).

Objective: To determine the safety, tolerability, and ef-
ficacy of rasagiline in levodopa-treated patients with PD
and motor fluctuations.

Design: Multicenter, randomized, placebo-controlled,
double-blind, parallel-group study.

Patients: Parkinson disease patients (N=472) with at
least 2'/2 hours of daily “off” (poor motor function) time,
despite optimized treatment with other anti-PD medi-
cations.

Interventions: Rasagiline, 1.0 or 0.5 mg/d, or match-
ing placebo.

Main Outcome Measures: Change from baseline in
total daily off time measured by patients’ home diaries
during 26 weeks of treatment, percentage of patients

completing 26 weeks of treatment, and adverse event fre-
quency.

Results: During the treatment period, the mean ad-
justed total daily off time decreased from baseline by 1.85
hours (29%) in patients treated with 1.0 mg/d of rasagi-
line, 1.41 hours (23%) with 0.5 mg/d rasagiline, and 0.91
hour (15%) with placebo. Compared with placebo, pa-
tients treated with 1.0 mg/d rasagiline had 0.94 hour less
off time per day, and patients treated with 0.5 mg/d rasagi-
line had 0.49 hour less off time per day. Prespecified sec-
ondary end points also improved during rasagiline treat-
ment, including scores on an investigator-rated clinical
global impression scale and the Unified Parkinson’s Dis-
ease Rating Scale (activities of daily living in the off state
and motor performance in the “on” state). Rasagiline was
well tolerated.

Conclusions: Rasagiline improves motor fluctuations and
PD symptoms in levodopa-treated PD patients. In light
of recently reported benefits in patients with early ill-
ness, rasagiline is a promising new treatment for PD.
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Group Information: A list of
the members of the Parkinson
Study Group who participated
in this study and were authors
of this report appears on page
246.
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OTOR COMPLICATIONS,
especially “on-off”
fluctuations and dys-
kinesias, commonly
occur in patients with
Parkinson disease (PD) after months to
years of dopaminergic therapy.' Despite the
availability of several new treatments, the
emergence and progression of these mo-
tor complications continue to represent

CME course available at
www. archneurol.com

major unmet therapeutic needs in many
PD patients.” Previous studies have dem-
onstrated that inhibitors of monoamine
oxidase type B (MAO-B), the main en-
zyme that metabolizes dopamine in the

brain, can potentiate the beneficial mo-
tor effect of levodopa®” and attenuate mo-
tor fluctuations.®

Rasagiline (N-propargyl-1[R]-
aminoindan) mesylate is a novel irrevers-
ible MAO-B inhibitor with high selectiv-
ity for the B isoform of the enzyme.
Rasagiline, 1.0 mg/d, causes almost total
inhibition of platelet MAO-B in hu-
mans.'® We recently reported a multi-
center, randomized, double-blind, pla-
cebo-controlled clinical investigation of
rasagiline monotherapy in 404 subjects
with early, otherwise untreated, PD.!"!?
Rasagiline was well tolerated at dosages of
1.0 and 2.0 mg/d, and patients receiving
rasagiline had better function after 6
months of treatment than those receiv-
ing placebo. In the present study, we evalu-
ated the safety, tolerability, and efficacy of
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rasagiline compared with placebo in levodopa-treated pa-
tients with motor fluctuations.

B METHODS R

ORGANIZATION

The study was designed, implemented, and analyzed by the Par-
kinson Study Group in collaboration with Teva Pharmaceutical
Industries, Ltd, Netanya, Israel, and H. Lundbeck A/S, Copen-
hagen, Denmark. It was reviewed and approved by the institu-
tional review boards at each of the participating centers.

PATIENTS

Levodopa-treated patients with motor fluctuations (N=472)
were enrolled at 57 participating Parkinson Study Group sites
between December 2000 and June 2002. Eligible patients in-
cluded those with idiopathic PD who were in a modified Hoehn
and Yahr" stage of less than 5 in the “off” (poor motor func-
tion) state, were 30 years or older, and experienced at least 212
hours in the off state daily, as confirmed by a baseline 3-day
home diary. Patients must have received an optimized and stable
dosage of levodopa at least 3 times daily, not including a bed-
time dose, for at least 2 weeks before their screening evalua-
tion. Concomitant treatment with stable dosages of dopamine
agonists, amantadine hydrochloride, anticholinergics, and en-
tacapone was allowed. Patients with atypical or secondary par-
kinsonism, pronounced cognitive impairment (Mini-Mental
State Examination'* score, <24), depressive symptoms (Beck
Depression Inventory' score, >15), and unstable neurologi-
cal and medical disorders were excluded.

PROCEDURES

This was a multicenter, randomized, placebo-controlled, double-
blind study of parallel groups of PD subjects with motor fluc-
tuations while receiving optimized levodopa therapy. Follow-
ing a screening visit to ensure that subjects met all enrollment
criteria, including the ability to complete accurate home dia-
ries, patients were randomized to 0.5 mg/d rasagiline, 1.0 mg/d
rasagiline, or matching placebo. The computer-generated ran-
domization plan provided for stratification by center and block-
ing to ensure approximate balance among the treatment groups
within each center. The levodopa dosage could be decreased
during the first 6 weeks of the study at the discretion of the
investigator but was held constant for the last 20 weeks of the
study. Subjects had visits 3, 6, 10, 14, 20, and 26 weeks after
baseline for safety and efficacy monitoring. A home diary in
which subjects rated themselves every half hour as “on with-
out dyskinesias or on without troublesome dyskinesias,” “on
with troublesome dyskinesias,” “off,” or “asleep” was com-
pleted for 3 days immediately before the baseline, week 6, week
14, and week 26 visits. Definitions of “on” (“relatively good
overall function and mobility when you feel your medication
is working”), off (“relatively poor overall function . . . which
corresponds to when your medication is not working”), dys-
kinesias (“involuntary, nontremor movements”), and trouble-
some dyskinesias (those that are “painful, impair balance, or
are excessive to the point of causing impairment in coordina-
tion or general function”) were explained and demonstrated
using a standardized video training tape and practice diaries.
Subjects monitored blood pressures before and after the main
meal of the day for 7 days before the baseline, week 3, and week
26 visits using an automated device (Welch Allyn, Skaneate-
les, NY). Urinalysis, complete blood counts, and serum chem-

istry profiles were performed at screening and after 10 and 26
weeks of treatment at a central facility (ACM Laboratories, Roch-
ester, NY). Electrocardiograms (ECGs) were performed at
screening and after 26 weeks of treatment. Dermatologic ex-
aminations were performed at screening and after 14 and 26
weeks of treatment because of the increased frequency of skin
cancers in PD in general'®'” and the occurrence of a few cases
in prior rasagiline investigations.'? Patients were not required
to restrict tyramine intake at any time.

OUTCOME MEASURES

The prespecified primary measure of efficacy was the change
from baseline in mean total daily off time, as measured by home
diaries, averaged during the treatment period (from weeks 6,
14, and 26). Secondary measures of efficacy, in prespecified or-
der for purposes of statistical analysis, included the investiga-
tor’s clinical global impression of patient improvement during
the study as measured on a 7-point scale (ranging from “sig-
nificantly improved” to “no change” to “significantly wors-
ened”), as well as changes from baseline in the Unified Par-
kinson’s Disease Rating Scale (UPDRS)'® activities of daily
living (ADL) subscale during off periods, in the UPDRS motor
subscale during on periods, and in patient-rated quality of life
as measured by the Parkinson Disease Quality-of-Life
(PDQUALIF) scale.'” Additional prespecified end points
included changes from baseline in the mean total daily on
time, in the Schwab and England®® ADL scale during on and
off periods, and in the UPDRS ADL subscale during on peri-
ods. Measures of safety included the frequency and severity of
reported adverse experiences, changes in vital signs, labora-
tory test results, ECGs, and dermatologic examinations. Changes
in laboratory and ECG values were considered abnormal when
they deviated from reference ranges established by the central
laboratories. Systolic blood pressure was considered abnor-
mal when greater than 180 mm Hg, less than 90 mm Hg, or
changed by more than 30 mm Hg from baseline. Diastolic blood
pressure was considered abnormal when greater than 100
mm Hg, less than 50 mm Hg, or changed by more than 20
mm Hg from baseline. Pulse rate was considered abnormal when
greater than 120 beats/min, less than 45 beats/min, or changed
by more than 20 beats/min from baseline. Tolerability was as-
sessed based on the number of patients in each group who dis-
continued the study.

STATISTICAL ANALYSIS

The intended sample size of 150 patients per group (total sample,
450) was chosen to provide 80% or better power to detect an
improvement of 45 minutes or more in the mean total daily
off time in either active treatment group compared with the pla-
cebo group. The primary analysis of efficacy used an analysis
of covariance model that included the change from baseline in
the mean total daily off time as the dependent variable, treat-
ment group as the independent variable of interest, investiga-
tor (center) as a stratification factor, and baseline off time as a
covariate. The treatment X center interaction was to be in-
cluded if significant at P<<.10. The primary statistical analysis
included data from all patients with postrandomization diary
data (n=451). To determine the effect of patient withdrawals,
the analyses were repeated with only patients who completed
the study (n=414) and patients who completed all procedures
according to protocol (n=359). The results of the latter analy-
ses did not differ materially from those of the primary analy-
ses and hence are not reported. Secondary and exploratory ef-
ficacy measures were analyzed in the same way as the primary
measure of efficacy. If a patient was missing a response, the last
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available observation for that patient was carried forward and
imputed for that visit. Frequencies of adverse experiences and
abnormal laboratory test values, vital signs, and ECG results
were analyzed by x? tests, with imbalances among treatment
groups flagged at a nominal P<.05.

All methods of analysis were prespecified before patient treat-
ment assignments were revealed. Analyses were performed ac-
cording to the intention-to-treat principle, and P<<.05 was used
for formal significance testing and interval estimation.

A hierarchical method of analysis, combined with the step-up
modification to the Bonferroni method by Hochberg,*' was used
to control for type I error. Analyses of the primary outcome
measure (change in the mean total daily off time) and the 4
prespecified and ordered secondary outcome measures (clini-
cal global impression, change in the UPDRS ADL subscale dur-
ing off time, change in the UPDRS motor subscale during on
time, and change in the PDQUALIF scale) were designed to use
2 types of contrasts (1.0 mg/d vs placebo and 0.5 mg/d vs pla-
cebo, for a maximum of 5 contrasts for each rasagiline dos-
age). The hierarchical approach for each dosage tested the 5
outcomes in their prespecified order (as listed), with the test-
ing for that dosage to be terminated at the first nonsignificant
result.”

o a0

PATIENT CHARACTERISTICS, DISPOSITION,
AND COMPLIANCE

Treatment groups had no significant differences at base-
line with regard to demographic and clinical character-
istics (Table 1). Figure 1 tracks all evaluated pa-
tients, by treatment group, through the study. Overall,
414 patients (87.7% of enrolled) completed 26 weeks of
treatment. A subset of 359 patients (76.1% of enrolled)
completed the study without deviating from the proto-
col. The most common deviations were premature ter-
mination (12%), fewer than 6 acceptable daily diaries
(10%, mainly in patients who terminated prematurely),
and change in daily levodopa or other anti-PD medica-
tion dosage by more than 20% from baseline during the
last 20 weeks of the study (4%). Compliance was high,
as measured by pill counts, with 95% of patients taking
at least 90% of scheduled doses. Between baseline and
the week 26 visit, patients receiving placebo decreased
their mean+SD daily levodopa dosages by 12+142 mg,
patients receiving 0.5 mg/d of rasagiline decreased their
dosages by 32+122 mg, and patients receiving 1.0 mg/d
rasagiline decreased their dosages by 36+ 133 mg. In each
group, the median change in levodopa dosage was 0 mg.
Most patients were taking additional PD medications, in-
cluding dopamine agonists, entacapone, and amanta-
dine (Table 1).

EFFICACY

During the treatment period, the mean adjusted total daily
off time decreased from baseline by 1.85 hours (29%) in
patients treated with 1.0 mg/d of rasagiline, 1.41 hours
(23%) with 0.5 mg/d rasagiline, and 0.91 hour (15%) with
placebo (Table 2). Patients treated with 1.0 mg/d of
rasagiline had 0.94 hour (95% confidence interval, 0.51-
1.36 hours; P<<.001) less off time per day compared with

Table 1. Patient Characteristics at Baseline*

Rasagiline
Placebo I 0.5mg/d 1.0 mg/d I
Characteristic (n=159) (n=164) (n=149)
Age,y 64.5(9.9) 62.6(9.5) 62.9(8.9)
Male sext 104 (65.4) 102 (62.2) 99 (66.4)
Disease duration, y 9.7 (4.9) 9.3 (5.6) 8.8 (5.4)
Time on levodopa, y 8.5 (4.7) 8.3 (5.5) 7.9 (5.4)
Daily levodopa dosage, mg 821 (485) 750(379) 815 (471)
Concomitant medication uset
Dopamine agonists 111 (69.8) 116 (70.7) 107 (71.8)
Entacapone 65(40.9) 55(33.5) 54(36.2)
Amantadine 38(23.9) 33(20.1) 27 (18.1)
Daily off time, h 6.0 (2.2) .0 (2.0) .3(2.6)
Daily on time, h
Without dyskinesias 9.8 (2.6) 9.5 (2.6) 9.4 (3.0)
With dyskinesias 1.0(1.7) 1.1(2.2) 1.0 (2.0)
Hoehn and Yahr stage 2.1(0.7) 2.0 (0.6) 2.0 (0.6)
during on time
Investigator-rated Schwab
and England ADL score
During on time 88.1(8.6) 88.8(8.1) 88.3(11.1)

During off time
UPDRS score
Total on time
Motor performance
during on time

707 (15.1) 721 (15.1) 71.0(17.2)

28.5 (14.5) 28.9(16.0) 28.2(15.3)
20.7 (10.3) 21.4(12.0) 20.8(11.0)

ADL during on time 6.1 (5.1) 5.6 (4.8) 5.8 (5.0)
ADL during off time 15.5(5.7) 15.7(6.6) 15.6 (6.8)
MMSE score 29.0(1.3) 28.9(1.3) 29.0(1.3)

Abbreviations: ADL, activities of daily living; MMSE, Mini-Mental State
Examination; UPDRS, Unified Parkinson’s Disease Rating Scale.

*Data are given as mean (SD) unless otherwise indicated. Potential ranges
are 0to 5 for the Hoehn and Yahr stage, 0 to 100 for the Schwab and
England ADL score, 0 to 176 for the UPDRS total score, 0 to 108 for the
UPDRS motor score, 0 to 52 for the UPDRS ADL score, and 0 to 30 for the
MMSE score.

tData are given as number (percentage).

Screened
(n=605)

Randomized
(n=472)

Placebo 0.5 mg/d of Rasagiline 1 mg/d of Rasagiline
(n=159) (n=164) (n=149)
|| Withdrew || Withdrew || Withdrew
(n=19) (n=22) (n=17)
Completed Completed Completed
(n=140) (n=142) (n=132)

Completed per Protocol Completed per Protocol Completed per Protocol
(n=115) (n=125) (n=119)

Figure 1. Patient disposition through screening, randomization, and 26
weeks of double-blind treatment.

placebo. Patients treated with 0.5 mg/d of rasagiline had
0.49 hour (95% confidence interval, 0.08-0.91 hour;
P=.02) less off time compared with placebo. Changes from
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Table 2. Efficacy End Points*
Rasagiline, 0.5 mg/d vs Placebo Rasagiline, 1.0 mg/d vs Placebo
Change From Baseline Mean (95% Cl) P ValueI Mean (95% Cl) P ValueI
Primary end point of off time —0.49 (-0.91 to -0.08) .02 —0.94 (-1.36 to -0.51) <.001
Secondary end points
Clinical global impression —0.39 (-0.64 to -0.13) .003 —0.68 (-0.94 to -0.42) <.001
UPDRS score
ADL during off time -1.20 (-2.08 to —0.32) .008 —1.34 (-2.24 t0 -0.43) .004
Motor performance during on time -2.91 (-4.59 to -1.23) <.001 —2.87 (—4.58 to -1.16) .001
PDQUALIF summary score —2.18 (4.49 t0 0.14) .07 —1.48 (-3.86 to 0.90) .22
Exploratory end points
Daily on time
Without dyskinesias 0.51 (0.00 to 1.03) .050 0.78 (0.26 to 1.31) .004
With dyskinesias* -0.05 (-0.41 t0 0.31) .79 0.37 (0.00 to 0.74) .048
Investigator-rated Schwab and England ADL score
During off time 0.92 (-1.51 to 3.35) 46 3.00 (0.49 to 5.51) .02
During on time 0.96 (-0.69 to 2.61) .25 0.63 (-1.06 to 2.33) 46
UPDRS scoret
ADL during on time -0.62 (-1.38 t0 0.14) A1 0.06 (-0.73 t0 0.84) .89
Dyskinesia* 0.24 (-0.08 to 0.57) 14 0.37 (0.04 to 0.70) .03
Postural instability and gait -0.41 (-0.79 to -0.03) .04 -0.07 (-0.46 t0 0.32) 73
Rigidity* -0.51 (-1.07 to 0.06) .08 -0.66 (—1.24 to -0.09) .02
Bradykinesia -0.58 (-1.43 10 0.27) 18 -0.89 (-1.77 to -0.00) .049
Tremor* -0.79 (-1.25 t0 -0.33) <.001 -0.73 (-1.20 t0 -0.27) .002

Abbreviations: ADL, activities of daily living; CI, confidence interval; UPDRS, Unified Parkinson’s Disease Rating Scale.

*Analysis includes the treatment X center interaction.

tPotential ranges are 0 to 12 for dyskinesia, 0 to 20 for postural instability and gait, 0 to 20 for rigidity, 0 to 36 for bradykinesia, and 0 to 32 for tremor.
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Figure 2. Mean total daily off time for subjects completing 26 weeks of
treatment. Patients receiving 0.5 or 1.0 mg/d of rasagiline had a greater
reduction in mean total daily off time compared with patients receiving

placebo.

baseline and differences between groups were sustained
throughout the treatment period (Figure 2). There was
no evidence for differences in treatment effects at differ-
ent sites (P=.58, treatment X center interaction).
Secondary efficacy measures were assessed using a pre-
specified hierarchical analysis. Compared with placebo,
the clinical global impression, UPDRS ADL score dur-
ing off time, and UPDRS motor score during on time im-
proved significantly during treatment in patients receiv-
ing either dosage of rasagiline (Table 2). Quality of life,
as measured by the PDQUALIF summary score, showed
a trend toward improvement in patients treated with 0.5
mg/d of rasagiline (P=.07) but not with 1.0 mg/d of

rasagiline. The social subscale of the PDQUALIF scale
showed a benefit of both rasagiline dosages over placebo,
the outlook subscale showed a benefit for the 0.5-mg/d
dosage only, and the function, image, independence,
sleep, and urinary subscales showed no difference from
placebo.

Prespecified exploratory analyses (Table 2) demon-
strated significant increases in the amount of on time per
day during treatment with both dosages of rasagiline, cor-
responding to the decreases in off time. In the 0.5-mg/d
rasagiline group, all of the increase in on time was with-
out troublesome dyskinesias. In the 1.0-mg/d rasagiline
group, 32% of the increase in on time included trouble-
some dyskinesias. Rasagiline, 1.0 mg/d, produced sig-
nificant improvement in the Schwab and England®*® ADL
scale during off times (P=.02), but 0.5 mg/d did not.
Post hoc analysis of UPDRS subscores during on times
revealed significant improvements in rigidity, bradykine-
sia, and tremor in patients treated with 1.0 mg/d of
rasagiline (as rated on the UPDRS) and in postural insta-
bility and gait and tremor in patients treated with
0.5 mg/d.

SAFETY AND TOLERABILITY

The number of patients discontinuing for any reason, or
because of an adverse event, was not significantly differ-
ent between treatment groups (P=.85, x* test) (Figure 1).
Adverse events were reported in 87% of patients receiv-
ing placebo, 91% receiving 0.5 mg/d of rasagiline, and
95% receiving 1.0 mg/d of rasagiline. Adverse events that
were significantly more common in patients treated with
either dosage of rasagiline compared with placebo are

(REPRINTED) ARCH NEUROL/VOL 62, FEB 2005

244

WWW.ARCHNEUROL.COM

Downloaded from www.archneurol.com by IraShoulson, on June 15, 2005
©2005 American Medical Association. All rights reserved.


http://www.archneurol.com

Table 3. Patients With Adverse Events During Treatment

Rasagiline
0.5 mg/d (n = 164) 1.0 mg/d (n = 149)

Placebo, No. (%) I | I |
Event (n = 159) No. (%) P Value* No. (%) P Value*
Weight loss 4(2.5) 4(2.4) .76 14 (9.4) .02
Vomiting 2(1.3) 6 (3.7) 31 10 (6.7) .03
Anorexia 1 (0.6) 3(1.8) .64 8 (5.4) .04
Balance difficulty 1 (0.6) 9(5.5) .03 5(3.4) 19

*Compared with placebo.

listed in Table 3. These mostly involved the gastroin-
testinal system and appeared to be dose related. Dyski-
nesias were reported as an adverse event in 10% of pa-
tients receiving placebo and 18% of patients receiving
either dosage of rasagiline (P=.03, x* test for combined
rasagiline groups vs placebo). Balance difficulty oc-
curred more often in patients receiving rasagiline, but it
did not appear to be dose related. Depression was sig-
nificantly less common in patients receiving 0.5 mg/d of
rasagiline compared with placebo (P=.04). There were
22 serious adverse events in 14 patients receiving pla-
cebo, 42 in 21 patients receiving 0.5 mg/d of rasagiline,
and 27 in 18 patients receiving 1.0 mg/d of rasagiline.
The most common serious adverse events (all 3 groups
combined) were related to accidental injury (n=6), ar-
thritis, worsening PD, melanoma, stroke (n=3), and uri-
nary tract infection (n=3); none were significantly more
common in patients receiving rasagiline compared with
placebo.

Rasagiline did not have adverse effects on blood pres-
sure or pulse rate. Flagging group differences in the in-
cidence of abnormalities at P<.05 revealed more pa-
tients with low systolic (20 patients vs 8 patients) or
diastolic (9 patients vs 1 patient) blood pressure while
standing, but not while supine, during treatment with
0.5 mg/d of rasagiline compared with placebo. Analo-
gous comparisons between 1.0 mg/d of rasagiline and pla-
cebo did not demonstrate significant differences. More
patients receiving placebo had increases in systolic blood
pressure compared with baseline (standing: 28 patients
receiving placebo, 12 patients receiving 0.5 mg/d of rasagi-
line, and 13 patients receiving 1.0 mg/d of rasagiline; and
supine: 27 patients receiving placebo, 17 patients receiv-
ing 0.5 mg/d of rasagiline, and 10 patients receiving 1.0
mg/d of rasagiline). There were no significant group dif-
ferences in the incidence of decreased blood pressure com-
pared with baseline. There were no significant group dif-
ferences in the incidence of observed changes in blood
pressure from supine to standing or in reports of symp-
tomatic orthostasis as an adverse event. There were no
significant group differences in laboratory values or ECG
results during treatment. Home blood pressure moni-
toring before and after the main meal of the day (4809
observations at baseline, 4645 observations at week 3,
and 4069 observations at week 26) showed no signifi-
cant group differences. During treatment, dermatologic
examinations revealed 3 patients with melanomas (1 pa-

tient receiving 0.5 mg/d rasagiline and 2 patients receiv-
ing 1.0 mg/d rasagiline). In addition, 1 patient was iden-
tified as having a melanoma before initiating study
medication.

- TN

Rasagiline treatment was well tolerated and was associ-
ated with several therapeutic benefits in PD patients with
motor fluctuations, despite optimized levodopa, includ-
ing decreased off time on home diaries completed by pa-
tients and improvement in clinical global impression per-
formed by blinded examiners. Neurological function
improved during off times (ADL scores based on pa-
tient reports) and during on times (overall motor, pos-
tural instability and gait, rigidity, bradykinesia, and tremor
scores based on patient reports and direct examina-
tion). These benefits were measurable at the first effi-
cacy assessment 6 weeks after treatment was initiated and
were sustained throughout the treatment period. Ben-
efits tended to be greater in patients treated with 1.0 mg/d
of rasagiline compared with 0.5 mg/d of rasagiline, but
differences between the 2 rasagiline dosages were not sig-
nificant for most end points. These results demonstrate
a benefit of adding rasagiline to the regimens of patients
who were already optimally treated with levodopa, do-
pamine agonists, amantadine, anticholinergics, and en-
tacapone before enrolling in the study.

The lack of benefit demonstrated by the PDQUALIF
scale does not override the benefits seen using patient-
derived and examination-based end points. Although the
PDQUALIF scale strives to assess the effects of PD on the
patient’s quality of life from the patient’s point of view,
itis not clear from existing research that this scale or any
other existing quality-of-life scale has adequate psycho-
metric properties to be considered a prerequisite for mean-
ingful benefits.'® To date, most phase 3 studies in PD have
used data from patient diaries or neurological examina-
tions as their primary end points.

Observed decreases in daily off time were associated
with nearly equal increases in on time. Patients treated
with 0.5 mg/d of rasagiline experienced this benefit with-
out extra time spent with troublesome dyskinesias. In pa-
tients treated with 1.0 mg/d of rasagiline, the increase in
on time was greater and most of the increase was with-
out troublesome dyskinesias, but 32% of the increase in-
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cluded troublesome dyskinesias. The UPDRS rating of
dyskinesias also suggested that patients treated with 1.0
mg/d rasagiline experienced more dyskinesias than those
treated with 0.5 mg/d rasagiline, but both groups re-

ported increased dyskinesias as adverse events in 18%
of patients compared with 10% of the placebo group. To-
gether with hints of a dose response favoring the higher
dosage of rasagiline, these results suggest that the higher
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dosage of rasagiline used in this study may have ben-
efits that are partially offset by increased dyskinesias. In
clinical practice, some of the dyskinesias might have been
avoided by adjusting levodopa and other antiparkinso-
nian medications, but such changes were prohibited in
the research setting because they might have con-
founded interpretation of rasagiline effects. Despite these
restrictions, dyskinesias did not lead to early termina-
tions. Other adverse effects, including gastrointestinal ef-
fects, may also be dose related. Psychiatric adverse ef-
fects that occur with dopaminergic therapies, such as
hallucinations, somnolence, and confusion,?*?° were not
increased by rasagiline.

The incidence of melanomas appears to be increased
in PD patients based on epidemiological studies.'*'” On
noting a few melanomas during the rasagiline develop-
ment program,'” routine dermatological examinations
were incorporated into the study activities to improve sur-
veillance. This may have resulted in an apparent in-
crease in melanoma incidence because of improved as-
certainment compared with other studies. Although the
melanomas detected after starting the study drug oc-
curred in patients receiving rasagiline, this is not par-
ticularly revealing because only one third were receiv-
ing placebo. Furthermore, the fact that 1 patient had a
melanoma detected before starting the study drug sup-
ports the interpretation that these results were affected
by increased surveillance of a disorder common to this
patient group rather than being related to rasagiline ex-
posure.

Other adjunctive, antiparkinsonian medications have
been studied in similar trials, providing comparable re-
sults. Changes in on and off time as measured by patient
diaries have been a standard measure of drug efficacy in
these patients.”” The catechol-O-methyl-transferase in-
hibitor entacapone, for example, improved on time by
approximately 1 hour in PD patients with motor fluctua-
tions when taken with each dose of levodopa.”* Dopa-
mine agonists, including pergolide mesylate,** pramipex-
ole,” and ropinirole hydrochloride,* have added 1 to 2
hours of on time, although adverse effects have been
more limiting than with rasagiline. Common adverse ef-
fects with these agents include gastrointestinal intoler-
ance, hallucinations, edema, somnolence, and ortho-
static hypotension, often resulting in discontinuation of
the drug. The MAO inhibitor selegiline hydrochloride
has not been carefully studied with respect to on-off fluc-
tuations in PD.

Given the improvements in PD signs and symptoms
during rasagiline monotherapy in patients with early
PD'"?and during adjunctive therapy in patients with mo-
tor fluctuations, rasagiline appears to be a promising new
treatment for PD. The simplicity of administration (once-
daily dosing with no titration required) and excellent tol-
erability of rasagiline are additional advantages. In ad-
dition to these short-term effects, rasagiline appears to
have more long-lasting benefits, suggesting that it may
modify the course of PD progression. Preclinical stud-
ies?®* have shown that MAO-B inhibitors can protect neu-
rons from oxidative stress, apoptosis, and other forms of
injury in multiple experimental models. Furthermore, in
a blinded study of 404 patients with early PD, those who

were randomized to rasagiline treatment for 12 months
had better UPDRS scores than patients who were ran-
domized to delay rasagiline treatment for the first 6
months.!* Both groups were examined while taking the
same dosage of rasagiline, so they should have been re-
ceiving the same symptomatic benefits; the sustained dif-
ference observed may be related to protective effects as-
sociated with long-term use. Further studies are warranted
to explore this possibility.
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